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In nature, and in particular in the marine en- 
vironment, a wide variety of halometabolites is 
found. Marine algae, for example, are a rich 
source of bromometabolites [l]. Some of the 
algae, such as the brown seaweeds (Phaeophyta) 
Ascophyilum nodosum and Fucus vesiculosus, con- 
tribute enormous quantities of organo-halo species 
to our ecosystem and form an important source of 
bromine-containing material released to the at- 
mosphere [2]. The role of these halogenated com- 
pounds is not always clear. Some appear to 
participate in biological defence mechanisms, since 
they show antimicrobial or antifeeding properties, 
others may act as chemical messengers in com- 
munication systems. A number of enzymes in- 
volved in the biosynthesis of these compounds 
have been purified and characterised, and it was up 
to now generally accepted that peroxidases con- 
taining haem are involved in the halogenation reac- 
tion. The mechanism by which halogenation 
occurs is still open to debate (discussed in the book 
by Neidleman and Geigert [ 11). Some authors sug- 
gest that the haloperoxidases generate free 
hypohalous acid which will react aspecifically with 
a broad range of nucleophilic acceptors, whereas 
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others assume the involvement of an enzyme- 
bound halogenating intermediate. 
Purified bromoperoxidase from A. nodosum, 
however, did not show an absorption spectrum 
typical of a haemoprotein, as was observed by the 
German investigator Vilter [3]. In addition, the en- 
zyme lost its brominating activity upon dialysis 
against EDTA at low pH and, more importantly, 
this activity was specifically restored by the addi- 
tion of the metal ion vanadium [3]. We were able 
to confirm the observations of Vilter [3,4] and, 
since large quantities of the enzyme could be 
isolated [5] from the brown seaweed A. nodosum, 
it was possible to establish [6] that the isolated en- 
zyme indeed contained vanadium that was essen- 
tial for the enzymic activity: for the first time a role 
for vanadium at the active site of an enzyme was 
assessed. As discussed by Macara [7], no function 
for this. element in nature had ever been reported 
before. In 1985 a symposium was held on the role 
of vanadium in biology and a general overview of 
the various actions of vanadium in living systems 
and animal biology can be found in the corre- 
sponding paper [8]. The main conclusion remained 
that there was no obvious biological function for 
this element. Therefore, a search was carried out to 
see whether bromoperoxidases from other brown 
seaweeds also contained vanadium and whether 
this element occurred more universally in enzymes. 
Indeed, the brown algae F. spiralis, F. serratus, F. 
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vesicolosus, Pelvetia canaliculata, Chorda filum 
and Laminaria saccharina were shown [9] to con- 
tain vanadium-dependent haloperoxidase activity. 
The enzyme from the last-mentioned species was 
purified and characterised, and it was found [9] 
that the ratio of vanadium ligated to the isolated 
protein was rather low. Incubation of the enzyme 
with an excess of the metal, however, not only in- 
creased the activity 7-fold, but also increased the 
ratio of vanadium specifically incorporated from 
0.3 to 2.0 mol vanadium per mol enzyme. This ap- 
pears to indicate that the bromoperoxidase loses 
vanadium during purification. 
From the data available there is no indication 
that the transition metal vanadium in the 
bromoperoxidase underwent any change in valence 
state during catalysis. EPR data showed that the 
vanadium in the resting enzyme was present in the 
+ 5 oxidation state. From studies on inorganic 
complexes [lo], this state of the metal is known to 
bind hydrogen peroxide and to yield stable peroxo 
complexes. In line with this it was inferred from 
kinetic data [5] that the bromoperoxidase first had 
to react with hydrogen peroxide to give an enzyme 
intermediate which subsequently reacted with the 
bromide ion to yield hypobromous acid. 
Red seaweeds (Rhodophyta) are known to pro- 
duce a fascinating diversity of brominated com- 
pounds [l] and bromoperoxidases have been 
purified from red seaweeds. However, conflicting 
reports exist concerning the nature of the pros- 
thetic group in these enzymes. The bromoperox- 
idases from Bonnemaisonia hamifera Ill] and 
from Cystoclonium purpureum [ 121 were reported 
to be inhibited by azide and cyanide, both of which 
are known to be inhibitors of haemoproteins. 
However, even the purest sample of the. bromo- 
peroxidase from C. purpureum did not display a 
Soret band. A new bromoperoxidase from the 
Coralline algae, calcifying red seaweeds, was 
recently described by Itoh et al. [13]. This enzyme 
did not contain haem as a prosthetic group and 
was not inhibited by azide or cyanide. According 
to this paper, the enzyme contained iron and 
magnesium, but vanadium was not found. 
We have recently detected a bromoperoxidase in 
the red seaweed Ceramium rubrum that lacked 
haem as a prosthetic group, since its brominating 
activity was not inhibited by azide or cyanide. Fur- 
thermore, the activity of the enzyme disappeared 
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upon dialysis against EDTA and the activity was 
specifically restored by vanadium. This demon- 
strates that vanadium-containing peroxidases are 
more widespread in the marine environment and 
that these vanadium-containing bromoperoxidases 
are not exclusively present in brown seaweeds. 
The biological role of vanadium is apparently 
not restricted to the marine environment, as was 
already indicated by the observation that vana- 
dium is an essential element in the nutrition of 
higher animals [7]. Earlier, it was reported by 
Bortels [14] that vanadium could substitute for 
molybdenum as a trace element essential for 
nitrogen fixation in Azotobacter vinelandii. Thirty 
years later it was demonstrated that terrestrial 
organisms are able to incorporate vanadium. Both 
McKenna et al. [15] and Burns et al. [16] showed 
that AZ. vinelandii grown on nitrogen in media 
supplemented with vanadium instead of molyb- 
denum synthesize an enzymically active nitro- 
genase containing vanadium. As discussed in more 
detail by Cammack [17] in a recent comment the 
significance of these findings was not appreciat- 
ed at that time. In particular, because one of the 
groups involved [18] refuted the idea that vana- 
dium itself was essential for the enzymic activity 
of the nitrogenase. Rather they claimed [18] that 
both MO and V were present in the V-nitrogenase 
and that only the MO contained in the enzyme 
accounts for its observed activity. 
Evidence has been presented lately [19] that AZ. 
vinelandii possesses two nitrogen-fixation systems: 
the conventional molybdenum enzyme and an 
alternative nitrogen-fixation system. This system is 
expressed only when the organism is grown under 
molybdenum limitations and is repressed in the 
presence of molybdenum. Recently it was demon- 
strated [20] that a mutant strain of AZ. chroococ- 
cum synthesized a vanadium-containing nitro- 
genase when it was grown on vanadium. This 
strain lacks the structural genes for the conven- 
tional nitrogenase which contains molybdenum at 
the active site. 
These findings were confirmed by Hales et al. 
[21]. They isolated a vanadium-containing nitro- 
genase from an AZ. vinelandii strain which lacked 
the genes that encoded for the conventional en- 
zyme. This V-nitrogenase consists of two proteins, 
one of which (Avl’) differs completely from the 
conventional component 1 that is the MoFe- 
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protein. The other is almost identical with the Fe 
protein (component 2) of the conventional en- 
zyme. Compared to this enzyme the novel V- 
nitrogenase had a comparable efficiency in the 
utilization of electrons for nitrogen fixation, but 
acetylene was a poor substrate for the alternative 
enzyme. Also Robson et al. [20] noted that com- 
pared with H+ and NZ as substrates, acetylene is 
less efficiently reduced by the V nitrogenase from 
AZ. chroococcum . 
It will be clear from the foregoing that vanadium 
has a role in biological systems and has earned its 
place among the transition metals having a 
biological task. The future will show whether ex- 
ploitation of the element by biological systems is 
restricted only to halogenation reactions and 
nitrogen fixation. 
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